Many organisations worldwide are benefiting from the use of electronic mail (e-mail) for workplace communication. However employees continue to report multifarious e-mail concerns ("e-mail defects") including ambiguous unclear messages, e-mail overload, security and privacy issues, and e-mail interruptions.
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INTRODUCTION
training in managing e-mail concerns and reducing associated costs. A mixed method approach was used with a combination of quantitative and qualitative research as will be explained. Extensive study was the only study that included phase 3b. Each study aimed to identify e-mail defects and determine the effectiveness of training for reducing e-mail defects and whether certain defects are more receptive to training than others. The long term impact of each training approach was also analysed to determine whether any improvements in e-mail use could be sustained. The details of the case study approach are described next.
Insert Figure 1 -Case Study Phases

Phase One -Development and Deployment of the E-mail Questionnaire
The first phase of the case study was concerned with identifying 1) how e-mail is used within the organisational environment, and 2) e-mail problem areas. In order to identify potential problem areas with e-mail use we conducted a web-hosted internal survey for which a questionnaire was developed. The web-based survey enabled access by each organisation's employees who were often dispersed geographically within the United
Kingdom. Several open-ended questions were employed to capture the number of e-mails received daily by employees and a qualitative assessment of the nature of e-mail received, e.g. information only, irrelevant, etc.
For each organisation studied, the questionnaire was offered to potential participants for a period of two weeks.
A series of closed attitudinal questions gauged ways in which e-mail was used and employee perceptions of the effectiveness of organisational e-mail use. Such questions probed the frequency with which employees were unnecessarily cc-ed, the number of e-mails sent by employees, and whether employees believed they were receiving clear e-mails that were easy to comprehend. The measures that were used to operationalise the variables were partly newly designed, and partly based on previous research. In the survey, all variables -unless otherwise reported -were measured using 1-5 point Likert-type scales.
Miscommunication was measured using statements derived from Burgess et al. (2005) . It was designed using two separate scales for miscommunication in sending emails (judging ones own behavior) and miscommunication in receiving emails (judging others' behavior). A sample item from the sending scale is "I would say the emails I write are straight to the point", and a sample item from the receiving scale is "If I receive an email that requires action, it tells me what is expected of me". All items in these scales were stated such that they were reverse coded to measure miscommunication.
Information overload was measured by five items that were designed for this study, but were based on previous work by De Bruijn (2005) . A sample item from this scale is "I receive more e-mail messages than I can handle".
Customization was measured by a newly developed scale, consisting of five items concerning the extent to which respondents took account of potential recipients in their e-mail behavior. These items were stated such that they were reverse coded to measure customization. A sample item from this scale is "When I write an e-mail message, I consider how the intended recipient(s) will interpret it."
Expertise was measured by a scale derived from Van den Hooff et al. (2005) , consisting of five items.
A sample item is "I know how my e-mail application works."
Experience was measured by a single item asking respondents to indicate the number of years they had been working with e-mail when filling out the survey.
Task complexity was measured by six items Van den Hooff et al. (2005) used to measure task equivocality, task time pressure and task geographical dispersedness. A sample item is "my work differs strongly from day to day". Although we aimed to construct scales for complexity, time and distance as separate task characteristics, reliability analyses and factor analyses showed that no reliable scales could be designed for each of these dimensions -but a reliable scale could be constructured for the three together, which we used to measure task complexity.
Social influence was measure by two items inspired from Van den Hooff et al. (2005) . A sample item is "My use of e-mail is strongly influenced by my colleagues'use of e-mail".
Speed of e-mail and ability of e-mail to overcome distance were each measured by three statements derived from Van den Hooff et al. (2005) . A sample item for speed is "E-mail enables me to speed up the communication process", and a sample item for distance is "Thanks to e-mail, a communication partner's location becomes irrelevant".
User training was measured in two ways: respondents were asked to indicate how many hours they had received concerning (a) how to use e-mail and (b) for what to use e-mail. In the analyses, both kinds of training were treated as separate variables.
Policy was measured by four items that were specifically designed for this study, asking about the presence and clarity of an e-mail policy, and about the extent to which such a policy was adhered to. A sample item is "Our organization's e-mail use policy is clearly communicated to all employees."
Technological measures was measured by four items specifically designed for this study, asking respondents for the extent to which they had implemented certain measures in order to regulate their e-mail use.
A sample item is "I have created message rules to efficiently organize my incoming e-mail messages".
Phase Two -Analyse Results
The data was collected from questionnaires and analysed for each case organisation as follows (Anon 200a, 200b, 200c, 200d, 200e, 200f responses were not included in the analysis (null answers were treated as invalid answers).
Phase Three: an Overview
In the third phase e-mail training was developed and deployed. The effectiveness of e-mail training was recorded when using 1) SBT, and 2) an integrated SBT/CBT approach to reducing e-mail defects using the criteria developed in Phase Two (the list of the nine criterions are detailed in Table 3 , 4 and 5). A limitation of the findings is that due to unforeseen circumstances unrelated to the time intensive study, only two of the four participating organisations participated in the SBT (3M and PD) and only one organisation of the four participated in the comparison between SBT and SBT/CBT (PD).
Phase Three A -Seminar-Based E-mail Training Programme
The SBT was designed to address common employee concerns with e-mail use in the workplace. SBT was customised for each organisation by focusing the training on problems highlighted by survey results determined from the first phase. It was important to highlight the common problems with e-mail communication in order to enable participants to understand the magnitude of everyday e-mail issues. For example, the research by (Anon 2001) was discussed to show the negative effect that e-mail interruptions can have on employee productivity.
To address the discovered defects, participants were provided with training at a more practical level. For example, to consider communication methods, participants were asked to consider whether e-mail was the best medium to communicate the message or whether another channel might be more appropriate. In another example, employees were also asked to consider the designated recipients of the e-mail message and whether all recipients should be copied in (cc-ed). Participants were advised on effective subject headers and the writing of e-mails with clear concise messages. SBT also addressed other aspects of e-mail best practice, such as effective management of the inbox.
Phase Three B -Computer Based Training
To enable a comparison of the effectiveness of an integrated SBT/CBT approach with SBT alone, a pilot realtime e-mail training tool was developed by the first author and colleagues at Loughborough University in the UK in 2004 (Anon, 2005 . This software tool facilitates the CBT component of the combined SBT/CBT approach. It is designed to be compatible with Microsoft Outlook 2000 Outlook , 2002 Outlook and 2003 as Outlook is generally recognised as the de facto corporate e-mail standard. The tool parses each e-mail message by employing a set of rules that govern whether a particular e-mail defect exists. It is able to determine the following indicators of email defects, which were initially derived from the information gained from the questionnaires deployed as part of this study:
 count of the number of recipients (To, CC, and BCC) to ensure the message is not sent to "excessive" numbers of people;
 determine the length of the subject line to ensure its size is sufficient for a recipient to assess the importance of the e-mail;
 determine the length of the message body to ensure the e-mail is "to the point" (concise and focused);
 identify the size of e-mail attachments to ensure that large attachments are not sent to many recipients.
The sensitivity of the parsing criteria is determined by a set of variables that can be altered by the administrator at the time of software installation to adjust the sensitivity of the software. The variables can be set according to training participant views of acceptable and unacceptable uses of e-mail within their organisations. Details of the parsing algorithm are published elsewhere (Anon, 2005) .
In a training session, participants (termed "users" hereon) use the tool for learning. A user sends an e-mail which is analysed by the tool as shown in Figure 2 . If the tool does not identify potential defects in the message, the email is sent to the recipient(s). However, if the software detects a defect, the user is informed and has the chance to rectify the problem. The software also has an override facility which enables the user to send the e-mail without making the suggested change(s). The user's ability to override the software supports user learning by providing greater user control.
Insert Figure 2: Process for detection of e-mail defects during CBT
For the interested technical reader, the technical details of the tool's development are summarised here. The tool was developed using Visual Basic in order to enable faster development than if a more complex programming language such as C++ was employed. Software installation requires a file to be added to the registry to store values for variables associated with parsing criteria. Editing the file and reapplying it to the registry could then alter the values for variables. The software was revised several times during the development process and was continuously tested on a group of six computers by the development team. The software was tested using the three previously mentioned versions of Outlook on computers running Windows 2000 and Windows XP in order to ensure compatibility at the four case organisations. The software tool enabled the researchers to determine the effectiveness of a combined SBT/CBT training approach for improving e-mail use within the workplace as will be discussed later.
Phase Four -Training evaluation
Evaluation of training methods was carried out at two organisations (3M and PD). Various modes of training (see Table 2 ) were conducted using sender and recipient pairs. In each organisation each user identified ten email recipients with whom they had an established working e-mail communication relationship -that is, they made frequent contact with each other via e-mail. From the ten recipients the researchers contacted three recipients seeking their participation. This step was taken to ensure that the senders did not know precisely who would be evaluating their e-mails as such knowledge could produce biased results.
Insert Table 2 -Case organisations, participation and training modes
The evaluation of SBT and SBT/CBT comprised the following four steps:
Step 1: Designated recipients were trained (phase three) in the evaluation of the effectiveness of e-mails received from their paired sender(s) using the nine criteria.
Step 2: Designated recipients evaluated up to twenty e-mails received from their paired sender(s) over a two week period (phase three);
Step 3a: After the senders' e-mails had been evaluated by their paired recipients, senders participated in SBT on Best Practices in e-mail (phase three);
Step 3b (alternative to 3a): After the senders' e-mails had been evaluated by their paired recipients, senders participated in SBT and received advice concerning how to use the CBT tool. Senders were then trained by using the CBT tool (phase three);
Step 4: After the senders had received training, recipients were asked to evaluate paired sender e-mails for up to 2 weeks at 3M and up to 4 weeks at PD (phase three leading to phase four).
For two organisations (3M and PD), recipients evaluated paired senders' e-mails, before and several weeks after training in order to measure improvement resulting from training. Firm-specific e-mail defects had been identified prior to training by analysis of the questionnaire data in Phase One as described earlier. Similarly the nine criteria for each organisation were identified from the data analysis. Before training, and several weeks after training, recipients were asked to continually score each e-mail against the nine criteria. The differences in scores before and after sender training were used to indicate success or failure of the training. For example, a key indicator of training success might be a reduction in the amount of time taken to read an e-mail after training. The evaluation process enabled the researchers to determine the sustainability (at least for several weeks after training) of any improvement achieved.
Training was limited to only two of the four organisations -3M and PD -as explained earlier. It varied slightly at each organisation to cater for different participant numbers, time constraints and firm-specific needs ( Table 2 shows the number of participants). To determine the effectiveness of the SBT in reducing e-mail defects, the evaluation scores before and after training were averaged for each sender / recipient pair. The average score for all participating pairs was calculated to determine the overall effect of the training for each of the criterion identified for both 3M and PD. The t-test statistic was used to determine the significance of both the SBT and SBT/CBT at reducing each of the defects represented by each criterion at both 3M and PD. The results, based on the two cases, provide an indication of aspects of e-mail use that are most receptive to SBT and/or the combined approach of SBT/CBT.
RESULTS
This section first provides the results of the questionnaires at the four organisations. It then provides results from the training programmes conducted at 3M and PD. Importantly, a comparison between SBT training alone and combined SBT / CBT is made. Finally, cost implications from the findings are discussed.
Survey results at the four organisations
The impact of the identified e-mail defects varied within the four organisations. Respondents from LogicaCMG and PD were generally more critical about how e-mail was used by their colleagues than respondents from the other organisations. This may be because respondents from LogicaCMG and PD received a greater number of email per day than 3M or Danwood employees, and are therefore more aware of the deficiencies of e-mail communication. On the other hand, Danwood respondents were generally less critical about the problems with e-mail use in their organisation compared with respondents from other organisations. This may be due to the comparatively small number (median = 15) of e-mails received per day, which reduces the impact of some email defects.
We present here the main findings from the 3M survey in order to illustrate the type of defects in received emails, and their extent:
 16 percent of received e-mails were copied in (cc-ed) unnecessarily;
 13 percent of received e-mails were irrelevant or untargeted;
 Only 41 percent of received e-mails were for information purposes;
o These e-mails contain information but do not require any action to be carried out by the recipient;
 Only 46 percent of received actionable e-mails stated the expected action;
 56 percent of employees believed that e-mail is used too often instead of telephone or face-to-face;
 45 percent of employees believed that their own e-mails are easy to read.
These e-mail defects were then addressed by SBT at 3M and SBT and the combined approach of SBT/CBT at PD. The results from those training programmes are discussed next.
Results from Training Programmes at 3M and PD
In this section the results will be deconstructed into two areas and will show:
 the impact of SBT on both 3M and PD at reducing e-mail defects;
 the difference between SBT and the combined approach of SBT and CBT on PD at reducing e-mails.
We will also look at the results to see the longitudinal affect of both training approaches at reducing e-mail defects. A summary of the results is shown in Tables 3, 4 and 5.
Impact of SBT on 3M and PD
Following SBT the t-test analysis shows that five of the nine criteria showed positive initial differences, four of them at 3M and three of them at PD. The five criteria which showed positive differences were:
 more clearly written e-mails that were easier to read (3M p≤0.05);
 more clearly written e-mails that were more concise and to the point (3M p≤0.05);
 improved use of the subject line which made it easier to assess the importance of the message (3M p≤0.01, and p≤0.1for PD);
 improved use of the subject line which made it easier to identify overall message content (3M p≤0.01, PD p≤0.1);
 improved understanding of the suitability of e-mail as the communication medium (PD p≤0.1)
While there was an overall average improvement in the 3M senders' ability to effectively choose the most suitable communication medium, this improvement was not statistically significant. The initial positive effect of the SBT can however diminish over time as shown by Table 3 ("Mean scores after training weeks 1&2" versus "Mean scores after training weeks 3&4" at PD). The results show that seven criterion had higher average overall scores after one month than during the first two weeks after the SBT (comparing columns 3 and 4), indicating a reduction in the impact of the SBT across these criteria. Using a Likert scale of 1 to 5 (1 being excellent) an improvement would have been shown by a decrease in the overall average and not an increase and shown by Table 3 . The only criterion where the effect of the SBT did not diminish after four weeks were the senders' ability to specify clear deadlines and the senders' ability to write subject lines that enabled the recipient to gauge the importance of the message.
Insert Table 3 -The effect of SBT on PD (up to four weeks after training)
Insert Table 4 
-The overall mean effect of SBT at 3M
Difference between SBT and Combined Approach of SBT and CBT on PD
We now turn to the results of combined SBT and CBT training, which took place at PD. The initial impact of the combined training (SBT and CBT) resulted in improvements across eight of the nine evaluation criterion as shown by Table 5 . The only criterion not to show an initial overall improvement was the senders' ability to write e-mails that are easy to read, despite this criterion showing significant initial improvements for the SBT at 3M
and PD as shown in Tables 3 and 4 .
Six of the initial improvements in CBT had been sustained after week 4 or had shown further improvement. The only criterion where the overall initial impact of the training had diminished (mean scores) was in the senders' ability to choose the most suitable communication medium and their ability to write effective subject lines.
The t-test analysis showed (see Table 5 ) that four of the nine evaluation criteria showed positive differences four weeks later for the CBT. The four significant improvements were:
 more clearly written actionable e-mails that state what action is required of the recipient (p≤0.05);
 more clearly written actionable e-mails that clearly state any when action is required (p≤0.05);
 more clearly written e-mails that were easier to read (p≤0.1);
 improved use of the subject line, which made it easier to know what the message is about (p≤0.1).
Insert Table 5 -The effect of the combined approach of SBT and CBT on PD (up to four weeks after training)
Summary of SBT and CBT and SBT
Overall the most significant finding from this research may be from the results of the PD study. Such results indicate that the positive impact of the combined approach of SBT and CBT is more sustainable than the SBT alone as shown by the last two columns in Tables 3 and 5 (columns 5 and 6). The results have shown that employees that undergo SBT initially show signs of improvement, but after a few weeks have nearly reverted back to their old emailing habits, rendering the training ineffective. In contrast the combined approach of both SBT and CBT has shown employees have an initial improvement in dealing with email, but after a few weeks show no significant signs of reverting back to their bad emailing habits. Therefore the more effective means of improving email communication is a combined approach of SBT and CBT.
Discussion of Practical Implications
First, we discuss the implications of this research for managing e-mail costs. While the results have shown that e-mail defects can be reduced and effective use of e-mail improved by deploying SBT and CBT, what do the results mean in terms of cost changes? One approach to determine the cost of e-mail use within an organisation can be calculated from the amount of time that employees spend using e-mail. This is determined by the number of e-mails an individual receives, the time it takes to read each e-mail and the number of e-mail end-users within the organisation. The financial cost of reading e-mails can be calculated by applying monetary values, based on an average salary, to the time spent using e-mail. However, this value only indicates how much time employees spend actually reading e-mail and does not take into account the interruptive nature of e-mail and how much time is spent composing e-mail messages.
Assuming an average salary of £23,244 (24,603) (monetary amounts are in British pounds) per annum, based on the UK average salary according to National Statistics Online (National Statistics, 2007) and an assumed overhead of a further £23,244 per year, the total cost per day of reading e-mail for an organisation can be calculated using the formula Eq. (1). An overhead is required to take into account establishment costs (e.g. rent and rates), administrative costs (e.g. telephone and printing) and employment costs (e.g. national insurance contributions and pensions). The formula Eq.
(1) can be used as a basis for calculating the annual cost of e-mail use within an organisation and/or calculating the cost of e-mail per employee according to the numbers employed.
Example: Worst Case Scenario of Current Costs for 3M
The results from the survey phase show that employees from 3M receive on average 23 e-mails per day.
According to the results from the first phase of the SBT at 3M, it takes an e-mail receiver at 3M an average of 76 seconds to read and understand each message received from a paired sender before the sender has received training. 3M employees therefore spend an average of 29 minutes per day reading e-mail. This assumes that employees read all e-mails received, including irrelevant e-mails.
Equation 1: Organisational cost of e-mail use per day
If employees have their e-mail applications set to check for new e-mail every five minutes (the default setting in MS Outlook), the possible number of interrupts received in an 8 hour day is 96. In this organisation employees received 23 e-mails per day resulting in a maximum of 23 interrupts if their e-mail application had been set to check for new e-mail every five minutes and each e-mail arrived at some interval from the previous e-mail.
Therefore the total time taken by these e-mail interruptions is 24.5 minutes.
Using the formula Eq. (1) the daily cost of e-mail use for 3M was calculated to be £56, 974, given that the organisation has 2850 e-mail end-users. The annual cost is almost £14.8 million and the cost per employee was £5,197 per annum.
Using the same calculations the daily cost of e-mail use within LocigaCMG was calculated to be £245,104,
given that LogicaCMG has around 6000 employees within the UK and on average they receive 47 e-mails per day. The annual cost is almost £64 million and the cost per employee was £10,621 per annum. The total daily cost of e-mail use within PD using the formula Eq.
(1) was calculated to be £940, given that PD has 23 employees. The total annual cost is £244, 288 and the cost per employee per annum is £10,621. Finally, using the same calculations the daily cost of e-mail use within Danwood was calculated to be £14,081, given that Danwood has around 600 employees within the UK and on average they receive 27 e-mails a day. The annual cost is almost £3.6 million and the cost per employee was £6, 102 per annum. The implications of the costs of email use, albeit in a worst case scenario, will now be considered. In the next section we can explore the cost of training and using the research results show how much an organisation could save by implementing training within their organisation.
Costs and Potential Savings
There are several implications to consider. First, clearly removing all irrelevant and unnecessary e-mails that flow around an organisation can reduce the cost of e-mail use. LogicaCMG had the largest proportion of irrelevant and unnecessary e-mails (37%) of the four organisations, and therefore could potentially make the largest saving in this area. 3M and PD had a similar proportion of irrelevant and unnecessary e-mails (29% and 31% respectively) although PD could make a larger financial saving (per employee) than 3M because of the greater number of e-mails received within PD. However, Danwood faired the best with only 14% of e-mails were classified as unnecessary and only 19% irrelevant or untargeted.
Second, each organisation can also reduce the cost of e-mail use by reconfiguring all employees' e-mail applications. Increasing the interval between when the e-mail application checks for new e-mail can reduce the number of e-mail interruptions thereby reducing the overall interrupt recovery time. The financial impact of increasing the interval from five to forty-five minutes is determined by the number of e-mails received by an employee during the day. LogicaCMG and PD could make larger financial savings (per employee) using this approach than 3M because of the larger number of e-mails received by employees from these organisations.
While this approach can reduce the cost associated with e-mail use, it can sometimes be impractical to have an e-mail application set to check for new mail over such a long period as important tasks and deadlines may be missed.
Third, both 3M and PD could reduce the cost of e-mail use by deploying SBT throughout their organisations.
3M could save an initial 8 percent and PD an initial 4 percent on the cost of e-mail use within their respective organisations. The longer term impact of SBT at 3M is unknown although at PD this was reduced to 2 percent, four weeks after training. The results indicate that a combined SBT/CBT training approach may lead to more sustainable reductions in the cost of e-mail use. However, the cost savings do not take into account the operating costs of the training sessions.
Fourth, the costs and potential savings identified only focus on the time spent reading e-mails and do not include the costs associated with acting upon an e-mail or responding to e-mails. It should also be noted that any savings made through e-mail training may not represent an actual monetary saving to the organisation as the employee's time will be spent on other tasks rather than e-mail and such tasks might not be beneficial to the organisation.
However, it is plausible that there is a cost associated with e-mail use, which can be reduced by optimising email use within the workplace.
CONCLUSION
While existing studies identify employee concerns with e-mail use, this long-term project sought to research specific e-mail defects within a number of organisations with the intention of reducing the identified e-mail defects by training in several different modes. While the findings from this research cannot be statistically generalised due to the study being limited to only four organisations in the UK context, including only two organisations where training was carried out, the findings are indicative. The findings indicate that there are many deficiencies with the way e-mail is used in contemporary organisations. Such defects relate to 1) the written quality of e-mail messages, 2) the quantity of e-mail received, and 3) the ineffective configuration of an organisation's e-mail applications. Current e-mail defects can increase the amount of time spent by an employee dealing with e-mail. Organisations similar in size and in function to the ones studied in this longitudinal research are likely to face the same kind of email defects identified within this paper and are likely to respond to SBT and the combined approach of SBT and CBT in a similar fashion. Therefore it is important for organisations to take poor email communication seriously, as not tackling email defects will impact upon employee effectiveness and efficiency.
The paper has added to current theory on organisational e-mail management by providing insights into the diverse types of e-mail defects found in organisations, and their management by SBT and SBT/CBT. Secondly, the paper indicates that SBT can improve the efficiency of employee use of e-mail. However, the initial impact of the training may diminish over time. The results highlight that the impact of SBT can vary depending on the specific areas of e-mail use that are improved, with some criteria showing greater improvement than others. For example, the ability to write more clearly written e-mails that were easy to read improved significantly after SBT. However interestingly, the combined training approach of SBT and CBT proved superior to SBT alone in the one organisation where it was trialled, as it produced improvements that were sustained a full month after training had ended. Further research is needed to explore results from different e-mail training modes in other organisations.
Second, the findings from this paper may help similar organisations to become more effective in managing their e-mail communication systems. It is recommended that communication managers or others responsible for email policy and management examine their e-mail policies and develop a "snapshot" of how their employees use e-mail. Such information will provide an organisation with a useful foundation from which to build their training in order to increase their employees' effectiveness. If an organisation decides to deploy an e-mail training programme, it is recommended that it not only focuses on the sender side of how to write more effective e-mails, but also on how recipients should manage the inbox. It is further recommended that any training programme aimed at improving e-mail use should take into account other communication media used within the organisation, so that the effectiveness of communication in general can be improved. The findings in this study indicate that employees may not always believe that received e-mail messages should be sent by the e-mail channel.
A final note is that even when e-mail training is firm-specific, most of the training is likely to be relevant and valuable in other firms, as suggested by a seminal study of training (Loewenstein & Spletzer, 1999) . The study suggests that many employers and employees believe that most, if not all the skills learned in firm-specific training would also be useful at other places of employment. With e-mail now a standardised ubiquitous organisational communication tool, the findings of Loewenstein and Spletzer are likely to apply to e-mail training.
Overall, this research shows how the cost of e-mail use can be optimised by reducing the volume of irrelevant and untargeted e-mail and by reducing the frequency with which an e-mail application checks for new e-mail.
While assigning a monetary value to e-mail use costs in this research is clearly an oversimplification of impact, financial cost is commonly used in risk management to estimate risk impact, and can assist organisations to visualise the benefits of e-mail training as discussed in this paper. Daily cost of organisational e-mail use = (t 1 + t 2 )*w*n Where t 1 is the time taken for an employee to read all e-mails received (minutes) t 2 is the total interrupt recovery time per employee (minutes) w is the average cost of an employee per minute n is the number of employees within the organisation.
Equation 1: Organisational cost of e-mail use per day
